A propsective analysis oj 100 successive intubations with Robertshaw tubes in patients submitted jor routine thoracic surgery is presented. Clinical guidelines jor intubation were used as the protocol. Tube position was judged on clinical assessment only and not confirmed with jibreoptic bronchoscopy. In approximately 60% oj cases the tubes were judged to be correctly placed on initial introduction. In 20-30% oj cases, minor and simple adjustments were required to achieve suitable conditions jor one lung anaesthesia. In no case did it prove impossible to achieve conditions adequate jor surgery. Common problems related to the endobronchial portion oj tubes entering the wrong bronchus, being inserted too jar, or not jar enough. Two oj six episodes oj hypoxaemia related to minor problems with tubes and were easily corrected. The experience is compared with that oj other workers. The pertinence and implications oj the experience and the data to the training oj personnel in the techniques oj one-lung ventilation and the juture oj Robertshaw tubes are discussed. It is concluded that the good practical results achieved are specifically related to the Robertshaw design and the material oj manujacture.
In 1962, Robertshaw published details of a doublelumen endobronchial tube. I Modelled on a Carlens tube, 2 it was manufactured of red rubber and was stated to present low resistance to ventilation. A right-sided version with an orifice for ventilation of the upper lobe was also produced. Seventeen years later it was recognised as the most popular for specialist thoracic anaesthesia. 3 It is the progenitor of most modern plastic double-lumen tubes. Despite the advent of these, regular users have still felt that Robertshaw tubes are cost effective. 4 Robertshaw died in 1991 5 and since then there has been some controversy over the production of tubes of the original design and the red rubber material. 6 For a time it appeared that these tubes would become unavailable to thoracic anaesthetists. Before the possible extinction of these tubes, we decided to conduct a prospective study to re-evaluate them in clinical practice.
METHOD
One hundred successive cases undergoing routine thoracic surgery were chosen. Rigid bronchoscopy is routinely conducted under general anaesthesia in our patients before intubation so that operability and abnormalities of tracheal and bronchial anatomy can be gauged by surgeon and anaesthetist. Robertshaw tubes (DLT) of the original pattern (Leyland Medical) were studied.
The choice of tube size depended on the sex of patient' and laterality on operation side. Large tubes were inserted in the first instance in men irrespective of height or weight, and medium in women. For left thoracotomies right-sided tubes were used and for right thoracotomies left-sided ones.
After laryngoscopy the DLT was inserted through the larynx, with the endobronchial portion curved anteriorly and then turned through 90 0 , so that the concave curvature of the tracheal portion faced anteriorly. Each DLT was advanced as far as possible without force. The aim, on initial insertion, was to get the junction of the proximal tracheal and bronchial limbs of the DLT close to the teeth, or anterior alveolar margin in the edentulous.
Cuffs were usually inflated as recommended by Robertshaw: I first bronchial, then tracheal. However, the protocol sequence was designed to protect lungs from the most likely source of aspiratable material: thus, for non-pulmonary operations the tracheal cuff was inflated first. For pulmonary operations the catheter mount to the tracheal lumen was test-occluded and the tracheal lumen was open to atmosphere until the bronchial cuff was inflated with an amount of air that just prevented audible and palpable air-leak on inflation. The bronchial limb of the catheter mount was then occluded, the tracheal limb ventilated, and the tracheal cuff inflated with air until a seal was effected.
Tube position was judged clinically as originally described: 1 from observation of chest wall movement, the effect of hand ventilation and auscultation. An aphorism, since given the status of an old maxim,8 that the tube should "look good (observation of ipsilateral chest wall movement), feel good (sense of compliance on manual ventilation of the reservoir bag), and sound good (auscultation)", was coined to provide a cockpit drill for checking DLT position. Assessment was then made with the tracheal limb occluded. If the position was deemed correct the effect of occluding both limbs in turn was tested. Testing was repeated, with tracheal limb clamped, after the patient was placed in the lateral thoracotomy position.
Patients were ventilated at a rate of 12-15 breaths/ minute, a tidal volume of 10-12 mllkg with a minute volume divider (Manley Pulmovent), and an inspired oxygen concentration of 30070 in nitrous oxide. Normocapnia was achieved and maintained. The ventilation variables were not adjusted on institution of one-lung ventilation (OLV) unless indicated by a fall of oxygen saturation (S p 02). Intravenous opioids and enflurane (0.5-2.5070) were used to ensure unconsciousness, with vecuronium for muscle relaxation. As a test, on institution of OLV the Fi02 was retained at 0.3. The figure of 90070 on Fi02 of 0.3 was defined as a level below which attendants were advised to become alert specifically to problems related to tube or ventilation pattern rather than to the shunt of OLY.
RESULTS
There were 68 male and 32 female patients in the survey. Details are summarised in Table I . Operations and details of intubation side are shown in Table 2 . In 24 cases the intubators were graded as novice « 10 previous intubations with DLT), in 27 occasional (10-20 previous intubations), and in 49 cases the grading was defined as regular, that is DLT insertion skills were tested at least three times per week. Table 3 is a summary of results. In approximately 60070 of cases, irrespective of side, correct endobronchial placement was achieved in the first instance by all grades of intubator. Minor Adjustments A change of tube to a smaller size was deemed necessary on 16 occasions. In male patients this meant a change to a medium tube and in females to a small. The reasons are shown in Table 4 , along with some of the other problems defined. In nine cases a small trachea precluded the use of the pre-selected size and in four cases the endobronchial portion was considered too large to enter the bronchus.
Difficulty in intubating the trachea for reasons such as small mandible, prominent front teeth etc occurred in about 10070 of cases. Some of these awkward situations were overcome by changing to a more manageable, smaller size tube, or use of a plastic stylet to form the endobronchial portion of the tube into a shape that was more easily directed into the rima glottidis. Novices intubated the oesophagus on two occasions. Adjustments other than size changes, and classified as minor because they were quickly discovered and easily corrected, were necessary in approximately 20070 of right-sided intubations and in 25% of left-sided intubations. Right-sided intubation with a left-sided tube occurred on eleven occasions (25% of left-sided intubations). Novices failed to make the diagnosis on three occasions and, once alerted, were then taught to reinsert the tube from a position in the trachea with the neck and head of the patient turned to the right (as in the rigid bronchoscopic technique for entering the left main bronchus). Upper lobe bronchus blocking by the tube was detected on eight occasions, six of these being the left upper lobe with left-sided tubes.
I f a tube is not inserted far enough,9 bronchial cu ff herniation may occur on inflation and, if of sufficient degree, blocks the contralateral main bronchus. It was presumed to have occurred on eleven occasions when there was difficulty in ventilating the contralateral lung. Eight of these events were with right-sided tubes.
Major Adjustments
In two cases, single-lumen endobronchial tubes were resorted to. The indications for resort to a Macintosh- Leatherdale tube in one and a Gordon-Green tube in the other were difficulties with tracheal intubation. It was judged that the use of a "railroading" technique of intubation over a bougie or with an intubating bronchoscope were best for a patient in whom the larynx could not be visualised at conventionallaryngoscopy and one in which upper airway distortion was associated with a recent perforation of a pharyngeal pouch in a patient with an upper-third oesophageal malignancy.
Influence on Surgery
In no case did it prove impossible to achieve satisfactory o LV. In three cases the lung did not collapse initially at thoracotomy on institution of OLV: only one was considered to be due to bronchial cuff herniation obstructing the origin of the bronchus of the lung to be operated on. The others were due to an obstructive bronchial tumour preventing lung deflation. In several cases in which bronchial cuff herniation had occurred, it proved difficult to re-inflate collapsed lung until the bronchial cuff was deflated.
Hypoxaemia
Arterial oxygen levels which resulted in 90% or greater Sp02 on OLV with normocapnia and an Fi02 of 0.3 ranged from 8.7-14.4 kPa (mean 11.0 kPa, SD 1.8). There were six incidents in which S p 02 fell below 90%. The events were judged to be due to blockage of a left upper lobe (shunt effect) in one case, as it was corrected by retracting the tube slightly and extending the patient's neck. 10 Kinking of the tube in the oropharynx (dependent lung hypoventilation) occurred in another case, corrected by extending the patient's neck. In two cases it was due to compliance changes as the muscle relaxant wore off and in two cases it was due to increased shunting in the dependent lung shortly after initiation of OLV, and was corrected by increasing the tidal volume. There was no requirement to recruit function from the non-ventilated lung with oxygen insufflation, addition of continuous positive airway pressure, or supplementary ventilation.
DISCUSSION
In this study confirmation of tube position was by clinical means as practised by thoracic anaesthetists of earlier genres. 1 If some of the alternative methods advocated' had been applied, it is probable that the number of minor problems encountered would have been reduced. However, devices such as fibreoptic bronchoscopes are, in many countries, only available to a few of the units that require to use double-lumen tubes, and there is a continuing need to teach the triedand-tested methods of clinical acumen to ensure safe practice. The fact that reasonable surgical conditions and oxygenation could be met in 90070 of cases would support the evidence that Robertshaw tubes are safer to use than PVC versions when fibreoptic bronchoscopes are not available . 11 It has been pointed out that height correlates better with tracheal size than sex 12 and had this measure been used the number of tube size changes might have been reduced. But it is worth noting that much of the requirement to change to a small tube was related to factors other than tracheal size. PVC tubes are less bulky and easier to insert I J so that it is probable that tube wastage is less, but the financial cost may be more with such a set-up than one that depends on reusable tubes.
Problems experienced with the placement of Robertshaw tubes are similar to those reported in several other studies. 7. 1 •. 15 Zeitlin, Short and Ryder,7 reporting their experience of 121 cases, stated that in 67% of cases the "tube was used with complete and immediate success". Black and Harrison 14 retrospectively examined 100 intubations and prospectively assessed thoracotomies. In 30%, tracheal and hilar distortions from intrathoracic pathology were found radiologically. Despite these, problems with the tubes were uncommon. These were divided into "upper airway" (above the cricoid) and "lower airway". In the prospective group, seven were upper airway problems similar to our experience, and 14 were lower airway. All but one of the upper airway problems were overcome by changing to a smaller tube. Lower airway problems occurred in 13070 of cases and in five (8%) the endobronchial portion of left-sided tubes entered the right main bronchus. These authors correlated insertion problems with intrathoracic pathology. This was not done in our study as the emphasis was on teaching of intubation to potential practitioners who are more likely to have to deal with cases with normal airways rather than those requiring specialist thoracic intervention.
Read, Friday and Eason 15 reported the successful insertion of Robertshaw tubes in 103 men undergoing thoracic surgery for pulmonary lesions. In 28 cases not categorised by intubation side, the non-ventilated lung did not collapse completely because of a poor seal and "cross leak" of gas or bronchial cuff herniation blocking the contralateral lung. Manipulation of the tube and temporary cuff deflation allowed collapse of the non-ventilated lung in 18 cases.
Bronchial cuff herniation near and over the carina only affects the conduct of OLV when the tracheal lumen is used for ventilating the dependent lung, i.e., when left-sided tubes are used as policy for the conduct of OLV during left-sided surgery. Smith et al. 16 detected this phenomenon fibreoptically but in practice "no untoward sequelae occurred".
Reservations about right-sided tubes stem from an associated high incidence of problems with the upper lobe bronchus. Upper lobe blockage in this study was associated more with left-sided tubes, and was particularly so with the small tube. This should not be surprising as the endobronchial portion is about 5 cm in length and the distance range for the left upper lobe bronchus from carina is reported as 2.9-6.9 cm. 12 Problems related to the bronchial cuff were more a feature of right-sided intubation.
In practice, left-sided tubes were more difficult to insert and associated with more problems than right. This experience, and potential problems with cuff herniation blocking the dependent lung, make us cautious of advocating a single policy of teaching the use of left-sided tubes for non-pulmonary surgery.
PVC double-lumen tubes are not true replicas of the Robertshaw pattern. Although reported to be less easy to misplace," plastic tubes differ significantly in two ways. The bevel on the endobronchial portion is exaggerated and the reverse of that on the Robertshaw so that, although easier to insert into a main stem bronchus, they are, in position, more likely to block the upper lobe bronchus. Cutting of the bevel of plastic tubes has been suggested. 17 The orifice for ventilation of the right upper lobe bronchus on all plastic makes is smaller than that on the Robertshaw, which, as it is incorporated within the cuff, expands on inflation. These factors, not analysed by Benumof et al. 12 increase what these authors defined as the margin of safety.
The routine use of pulse oximetry proved a useful tool by which to test the integrity of the intubation system. The evidence that an inspired oxygen of 30% was adequate to maintain saturations greater than 90% on institution of OLV in over 90% of cases in the study population is interesting. It is now taught to trainees that it is the norm and that a fall of saturation to < 90% obliges them to actively seek a problem with the tube or dependent lung before looking for unusual causes. In most cases a cause can be found and correction effected without automatic recourse to the use of 100% oxygen.
We conclude that the teaching of clinical testing for tube position remains a sound way of ensuring that placement is suitable for securing good conditions for surgery. Practice of the clinical methodology gives trainees valuable experience in the siting of doublelumen tubes and insight into potential problems in their use. The use of pulse oximetry as a tool to test the integrity of the intubation system for securing OLV should be emphasised. Despite the passage of thirty years, the Robertshaw tube of the original red rubber material remains a utilitarian device which in its field is still unrivalled. It would be a great loss if Robertshaw tubes, of the original design and material, were no longer available as both these factors contribute to an increased margin of safety and its success in facilitating in a simple way safe thoracic surgery in more than 90070 of cases. * * Since this work was completed, original design Robertshaw tubes for once-only use have become available from Phoenix Medical Ltd, 415 Oakshott Place, Walton Summit, Preston PR5 8AT, u.K.
